Abstract -Selective fishing pressure on more highly valued marine living resources is one of the key factors proposed to explain changes occurring in fish communities and associated landings of commercial fisheries. The aim of this paper is to establish the nature of changes in the landings of French fishing fleets operating in the Bay of Biscay in the period , and whether these changes could be related to the relative economic attractiveness of different fish species. The analysis focuses on trends observed in the landings of all commercial fish species over the last three decades. It is based on data of annual quantities landed and ex-vessel prices compiled from official French landings records, and on bio-geographical descriptors of these species derived from published data. Using simple index numbers and multivariate analysis, we examined changes in total landings in terms of their volume and value, as well as changes in their composition. We show that the composition of landings significantly changed over the study period, with an increase in the proportion of pelagic species, of lower economic value. The average ex-vessel price of production by the fleets tended to decrease from the late 1980s; partly due to a cross-species drop in prices, occurring mainly after 1993, but also to the increased proportion of low-priced species in the landings. This caused a significant drop in the total gross value of production in the second half of the study period.
Introduction
In many fisheries around the world, major changes have been observed in the composition of fish landings, such as a a Corresponding author: fabien.steinmetz@ifremer.fr reduction in average individual size and the mean trophic level of fish caught (Pauly 1998) . These changes have been considered to be a possible consequence of modifications in biological communities due to the effects of fishing on the ecosystem (National Research Council 2006) . Such modifications were Article published by EDP Sciences 318 F. Steinmetz et al.: Aquat. Living Resour. 21, 317-327 (2008) observed in the groundfish communities of the Bay of Biscay, following trawling surveys carried out by Ifremer with oceanographic research vessels. In addition to modifications in the size and trophic level of fish, potentially due to the effects of fishing, the survey data showed that subtropical fish species seemed to be favoured compared with more boreal ones. The combined effects of fishing and global warming were advocated to explain these observations (Poulard and Blanchard 2005; Blanchard and Vandermeirsch 2005; Blanchard et al. 2006) .
Most studies to date have focused mainly on the ecological dimensions of composition changes in fish communities and the landings of associated fisheries, while the economic dimensions of these modifications have not been explored, particularly from an empirical standpoint. Few studies have focused on the economic drivers behind the sequential harvesting of different fish species in a community, and the economic consequences of changes in the landing composition. Thébaud and Soulié (2008) proposed a simple bio-economic model to examine these issues, although their approach remained theoretical. Sumaïla (1998) discussed the implications of taking into account economic characteristics of the production extracted from marine communities, underlining the role of market responses in the determination of overall economic impacts of changes in landing composition. Pinnegar et al. (2002) analyzed this in the context of the Celtic Sea fisheries, showing that there had been a long-term decrease in the average trophic level of fish landings from this area. This trophic change was accompanied by changes in the relative price of species landed reflecting a modification in the relative availability of species at different trophic levels. Species of low trophic level became increasingly abundant in landings, relative to species of high trophic levels, leading to the relative price of the former decreasing, for a given demand for these species. Steinmetz et al. (2006) analyzed the long-term trends in the landings of all species caught by French commercial fishing fleets in the North-East (NE) Atlantic, looking at the ecological descriptors of landings, their economic value and the relationships between the composition of landings and their economic value. These authors concluded that a more in-depth analysis was required to assess the nature and extent of interactions between changes in landings and economic variables such as the relative prices of landed species.
We analyze these interactions on long-term changes in the composition of landings by French fleets operating in the NE Atlantic. The analysis focuses on a selection of fish species, and covers the period 1973-2002. While our analysis centred on the fisheries of the Bay of Biscay. A comparison of trends was also made with those previously observed at the larger scale of the NE Atlantic. We analyze the relationships between the ecological status of species composing the production of fishing fleets, the relative prices of these species, and the economic value of landings, at these two scales.
Materials and methods
The analysis was based on existing data on the evolution of landings of a selection of marine species by French fleets operating in the NE Atlantic, and more specifically in the Bay of Biscay (ICES areas VIIIa,b), over the period 1973-2002. Species selected for the analysis were restricted to marine fishes cited in landings records for French fleets operating in these two areas (see Appendix for the list of species)
1 . Table 1 lists the sources of the different data sets used in the analysis. Data used concerned: (i) annual production in volume and mean ex-vessel price per species, originating from the NE Atlantic and the Bay of Biscay and landed by French fleets and (ii) descriptors of the bio-geographic characteristics of each species.
Two sources of data were used for fisheries production. Firstly, annual reports of French landings established by the French Marine Fisheries and Aquaculture Directorate in collaboration with the agency for fisheries products (Office des Produits de la Mer) and the Central Committee for Maritime Fisheries, were used to construct a dataset of French production originating from the NE Atlantic over the study period. This information concerned both the volume of annual landings and average annual first sale prices of fresh fish per species. Because records were only available at the national level, other sources of information were used to exclude landings originating from other areas, particularly the Mediterranean. Such data sources included the FAO catches and landings data per area 2 , and expert knowledge from French fisheries specialists. Current prices for landings from the NE Atlantic were converted to constant prices, using the French consumption price index, with 2002 as the base year.
Secondly, official data on landings by French fleets of the same species originating from the Bay of Biscay (ICES area VIII a, b) were extracted from the ICES database 3 . Information available in this database concerns annual tonnage landed per species for the production of French fisheries in the NE Atlantic, with the exclusion of year 1999 for which no official data was available. In the absence of alternative sources of information covering the same time period, average prices recorded for landings of fresh fish caught in the NE Atlantic 1 Analysis of trends observed in the landings of a larger selection of species, including shellfish and molluscs, by the same fleets, is presented in Steinmetz et al. (2006) .
2 http://www.fao.org/fi 3 http://www.ices.dk/fish/statlant.asp were used to calculate the value of landings originating from the Bay of Biscay. The assumption here, which we were not able to verify, is that both the relative ex-vessel prices of fish species and the trends registered in these prices were similar at the two scales 4 . While the data sets included all major commercial species listed in the annual reports, the data used for the present analysis concerned only 57 fish species for which information was available. Taken together over the 1973 to 2002 period, landings of these species constituted 50% of the total volume of French landings originating from the Bay of Biscay, and 78% of the total volume of French landings originating from the NE Atlantic. French landings of these species originating from the Bay of Biscay represented on average 24% in volume of the total annual landings from the bay, a proportion which remained relatively stable throughout the period, following a slight increase in the late 1970s.
In order to characterize the production of French fleets from an ecological perspective, analysis of bio-geographic characteristics of fish species was included (Table 1) ; these were extracted from FishBase and from Quéro and Vayne (1997) .
Analysis methods
The analysis was carried out in three steps. First, trends observed in the total volume and value landed by the French fleets were analysed based on Fisher indices of changes in the volume, prices and value of production. Indices were calculated and compared at the two scales of analysis: NE Atlantic and Bay of Biscay.
Fisher indices were calculated as the geometric mean of Paasche and Laspeyres indices. The Paasche index uses the most recent year as a base while the Laspeyres index uses the first year of the series as a base in weighting the contribution of each species to the average value of the variable under consideration. For example, a Fisher index of the volume of landings is calculated as follows:
where p i,t is the price of species i at time t, q i,t the volume landed of species i at time t. A similar equation was used to calculate the Fisher index of prices. Using the Fisher index minimizes potential biases arising from the influence of the base chosen to weight the contributions of each species according to changes in the average price or volume of landings. Given that the analysis considered a fairly long time period, during which significant changes could be observed in the structure of production in terms of volume and/or relative prices, our use of this index allowed us to characterize the overall changes in prices and volumes landed while minimizing bias due to structural changes. We also used the property of equivalence between the product of the Fisher price and volume indices and the simple value index (Diewert 1996) , to assess the relative contribution of changes in prices and volumes to the overall change in value over the time period. The second step of the analysis was to explore the associated changes in the composition of landings underlying the modifications observed in total production. This was done by first analyzing trends in landings of species by group, distinguishing benthic, demersal and pelagic species. To test for significant long-term trends, non-parametric Mann-Kendall tests were performed (Gilbert 1987) . The Mann-Kendall test is particularly useful because data need not conform to any particular distribution. Where a significant linear trend was indicated, the true slope (change per year) was estimated using the procedure developed by Sen (1968) . Secondly, simple indices of the biogeographic characteristics of landings were calculated at the two scales of analysis using the following indicators: (1) maximal length of individual fish of each species, (2) trophic level of each species at the adult phase and (3) median latitude of the area over which the species is known to be distributed.
Weighted averages of these variables were calculated based on the proportion of each species in total landings of the 57 fish species considered.
The third step was to carry out a multivariate analysis of the evolution of landings. Correlations between changes in the composition of landings and the ecological characteristics of landed species were first investigated using principal component analysis (PCA). In order to capture the dynamics of exploitation, years of landings (30 for the NE Atlantic, 32 for the Bay of Biscay) were used as active variables in the analysis, with individual observations corresponding to each of the 57 species. The analysis was centred and normalized. As our objective was to study the evolution of the structure of landings, i.e. the relative contribution of each species to total landings, years of landing (variables) were uniformly weighted in the analysis, whereas species (observations) were weighted according to their respective proportions in the total volume landed over the period. Then, we used bio-geographic descriptors of the species as illustrative variables in the analysis, to establish the nature of correlations between these descriptors and the years of landings. The descriptors included for each species were: the Von Bertalanffy growth coefficient; maximum weight, length and age; trophic level; and median latitude and longitude of the area over which the species is known to be distributed.
In addition, our analysis sought to establish whether correlations existed between the position of individual species in the past record of changes in production patterns, and the economic status of these species. This was done by defining a set of three price classes for individual species for which ex-vessel prices were available (35 out of 57 species): 1) species with high average prices over the period, 2) species with medium average prices over the period, and 3) species with low average prices over the period 5 (see this classification in Table 2 and Fig. 1 ). The price classes were then used to characterize 320 F. Steinmetz et al.: Aquat. Living Resour. 21, 317-327 (2008) Mean price by species through the period, using 2002 constant price data.
Fig. 1.
Mean constant price per species, sorted by price class. Source: IFREMER, based on ICES and CCPM-OFIMER-DPMA data (see Table 1 ).
individual species in the first space of the PCA, and this was used to assess whether relations existed between the evolution in the structure of landings and the relative prices of the species.
Results
Results of the analysis are presented in the following order: first, the overall trends observed in the total volume and value of landings by French fleets at the two scales of analysis are described using the indices defined above; second, changes in the species composition of these landings are analyzed, and the nature of these changes considered, based on ecological weight of landings, while the high and low price groups have a similar weight throughout the period. descriptors of the species; third, the results of the multivariate analysis of modifications in landing composition, and their relations with the economic characteristics of the fish species are presented and discussed.
Volume and value trends in total landings of fish species
3.1.1 North-East Atlantic (Fig. 2a) The trends observed in the volume and value indices of landings of fish species originating from the NE Atlantic by French fleets are studied over the 1973-2002 period (Fig. 2a) .
The total tonnage of fish landed reached a maximum in the mid-1980s and decreased from 1988, reaching lower levels in 2002 than in 1973. Following a period of relative stability, total value tended to increase in the late 1980s, reaching a maximum in 1987. This resulted in part from a steady increase in ex-vessel fish prices. The value of landings was then severely reduced, reaching a minimum in 1995. While this was initially caused by a decrease in volumes landed, the collapse of the gross revenue of French fleets also resulted from a major drop in prices at first sale on the French market during the early 1990s . This crisis was due to the liberalization of trade in fish products on the European markets on which fleets operate, leading to modifications in the conditions of competition between fish products on these markets and an increased sensitivity of trade to exchange rates between European currencies (Guillotreau and Péridy 2000) . From 1996 onwards, the value of landings increased again, but not enough to fully compensate for the earlier drop. (Fig. 2b) The trends observed in the volume and value indices of landings of fish species originating from the Bay of Biscay by French fleets over the 1973 to 2002 period were also considered (Fig. 2b) . Total tonnage of fish landed increased strongly until the mid-1990s, after which it started to decrease. Fluctuations in the landed value were greater at the scale of the Bay of Biscay than for the NE Atlantic as a whole, and tended to increase during the period 1983-1989, reaching a maximum in 1988-89. Landed value was then severely reduced during the years of market crisis, reaching a low point in 1998. While this collapse was initially due to the drop in prices already mentioned, it was further reinforced by a strong reduction in volumes of fish landed. At the end of the period, the total value of landings originating from the Bay of Biscay was however higher than in 1973.
Bay of Biscay
Comparison of the two time series shows that a greater proportion of the total value of landings by French fleets originated from the Bay of Biscay during the first part of the period: . The ratio of the value of landings from the Bay of Biscay to the value of landings from the NE Atlantic moved from 23% to 45% in this time period. In the second part of the study period (1995) (1996) (1997) (1998) (1999) (2000) (2001) (2002) this ratio fell, so that it was only 33% in 2002. This is possibly because offshore fleets maintained and even increased their production while landings by inshore fleets, restricted to operating in the bay, declined severely. The reduction in inshore fleet size due to capacity reduction schemes ) would have made a particular contribution to this effect.
Species composition of landings
Landing composition was first considered in terms of the contribution of different species groups to total production volume. The evolution of landings by French fleets are displayed at the two scales of analysis, considering three groups of species: benthic fishes (BEN), demersal fishes (DEM) and pelagic fishes (PEL). Estimated overall trends in landings for these three groups are presented (Table 3) .
Overall, there was a marked decrease in the proportion of demersal fishes in landings by French fleets in the NE Atlantic over the study period, starting from the late 1980s. This was partly compensated by a slight, but temporary, increase in the proportion of benthic fishes, some of which fetch high prices. Composition of landings was mainly affected by a strong increase in the proportion of pelagic fishes, which approximately doubled over the study period. A similar decline in the proportion of demersal fishes caught by French fleets in the Bay of Biscay was observed from the early 1990s (the group moved from 20% of landings in 1973, to 40% in 1990, then down to 20% in 2002). There was also a strong reduction in the proportion of benthic fishes, which moved from 45% of landings in 1973 to only 20% in 2002. There was a large increase in the proportion of pelagic fishes in the landings, starting in the 1980s: while the pelagic group represented 21% of landings in 1981, it accounted for 60% of production in 2002.
Bio-geographic descriptors
The evolution of the mean trophic level of landings (Fig. 4) , the mean maximum length of the landed species (Fig. 5) , and the average of the median latitude of areas over which the landed species are known to be distributed (Fig. 6 ) are described below.
Following a period of high and relatively stable mean trophic level of the species landed until the late 1980s, a marked decrease in this index was observed for both time series. The early 1990s showed a particularly significant drop in the mean trophic level of species landed, indicating a change in the composition of landings, with an increase in the proportion of species from lower trophic levels. This is possibly due to changes in fishing strategy in response to the market crisis: an attempt was made to compensate for the sharp decreases 322 F. Steinmetz et al.: Aquat. Living Resour. 21, 317-327 (2008) 1973-2002. in the Bay of Biscay until the mid 1980ies, the index decreased steadily in the second half of the study period in the two areas. The latitudinal index (Fig. 6 ) provides indications as to the potential influence of changes in climate and/or changes in the spatial distribution of fishing effort on modifications in the composition of landings. The index shows a declining trend starting in the mid 1980s for the two areas. In the NE Atlantic, the index reached its maximum in 1982 at 54
• and fell to 50
• in 2002. In the Bay of Biscay, the index reached a peak in 1984 with 42.5
• and lost four degrees at the end of the study period. We are not aware of any major redistribution of fishing effort towards the South by French fleets over the study period; hence these trends probably reflect the changing composition of fish communities due to changes in the relative abundance and/or accessibility of species in the areas considered, favouring the catch of sub-tropical species. This observation concurs with those derived from fishery-independent surveys on changes in the relative abundance of fish species in the fish community of the Bay of Biscay (Poulard and Blanchard 2005) .
Overall, the three indices show that modifications in the composition of landings can be related both to changes in the strategies of fishing operators in response to changes in the economic conditions under which fleets operate, and to changes in the relative availability of fish species due to ecological factors. The following section presents an analysis of correlations between these modifications, the economic status of individual fish species, and total production by French fleets. 
Multivariate analysis of changes in the structure of landings

NE Atlantic
The correlogram of landings-years is presented using the first two principal components resulting from the analysis representing 65% of total variance in the data for the NE Atlantic (Fig. 7) . The sequence of changes in landings per year can be followed along the arrow. The beginning of the period starts in the upper-left hand part of the graph. The mid-1980s are represented in the lower-left-hand part. Years 1990 Years -1992 are in the bottom-right-hand part of the graph and the end of the period is represented in the right-hand part (Fig. 7) .
Correlations between illustrative variables (bio-geographic descriptors) and the principal components are stressed by the inner circle. Latitude appears strongly correlated with the first axis of the principal component analysis: this corresponds to the fact that exploitation of high latitude species culminated in the early 1980s, while the contribution of low-latitude species progressively increased in the years that followed it. Other descriptors such as trophic level, maximum length and maximum age are positively correlated with landings in the early 1980s, while the growth rate (K) of species is positively correlated with landings during the fisheries crisis years (1993) (1994) , and in the following years. The overall trends observed via descriptive analysis in the previous section are thus well summarized by the analysis presented here.
Bay of Biscay
The first three axes of the projection represent 34%, 18.8% and 15% of the variance in the Bay of Biscay data (Fig. 8) . The sequence of changes in landings per year can be followed The correlation of bio-geographic indices with the years of landings appears even stronger in this case than for the NE Atlantic. Mean latitude is positively correlated with landings at the beginning of the 1980s, and trophic level, maximum length and maximum age variables are strongly correlated with landings in the mid-1980ies.The growth coefficient variable was correlated with landings in the years around 2000. Again, changes observed in the composition of landings originating from the Bay of Biscay seem to be well synthesized by this analysis.
In this case, the price class of individual species (Fig. 1 ) was added as an illustrative variable (clprice) to the correlogram, in order to identify possible correlations between the years of landings and price categories of species. Highly priced species were mostly landed in the late 1980s whereas low priced species were exploited more recently (Fig. 8) . Further analysis of this pattern is proposed below.
Correlations with the economic status of individual species in the Bay of Biscay
We examine the projection of the individuals in the first plane of the PCA for the Bay of Biscay case (Fig. 9 , the size of the points is proportional to their contribution to the analysis).
This allows us to identify species such as sea bream or herring which have practically disappeared from landings over the period. The mid-1980s saw increases in the landings of pouting, followed by monkfish, a species of much higher price. The highest levels of landings of hake occurred towards the end of the 1980s. During the 1992-1995 crisis, landings of common sole reached their highest levels, and seem to have 324 F. Steinmetz et al.: Aquat. Living Resour. 21, 317-327 (2008) played the role of a substitute species for fleets that were affected by the collapse of prices on the whitefish market. At the end of the study period, the highest exploitation levels for pelagic fish like anchovy, Atlantic horse mackerel, mackerel or albacore tuna are observed.
Using the price categories defined above, the projections of individual species in the first space of the PCA can be colourcoded, so as to assess whether correlations exist between the sequence of harvesting and the economic status of individual species. The projection including this price classification, and those from the centres of gravity of each of the three groups (low-, medium-and high-price species) are presented (Fig. 9) . While no conclusion can be derived concerning the medium-price group, the low-price group is clearly opposed to the high-price group in the projection. Largest landings of the low-price species were achieved during the later part of the time period, mainly from 1996 to 2002. On the other hand, the centre of gravity of the high-price group is located in the lower-left part of the space defined by the projection: largest landings for this group were achieved in the 1980s. In volume terms, the high-price group is mainly composed of species like hake, monkfish, sole or sea bass. John Dory (Zeus faber) is the main highly priced fish which appears in later years, but in small quantities.
The analysis thus lends support to the hypothesis that a correlation exists between the economic status of species caught in the Bay of Biscay and the sequence according to which they were harvested over the period . Overall, there appears to have been a transition during this period, from species fetching high prices on the market, to those fetching lower prices on the market.
Discussion
The results of this study can be used to further discuss the changes observed in the total value of production originating from the Bay of Biscay, as described by the index presented in Figure 2 . Changes in the total value of landings can be explained as a consequence of three complementary factors: (i) changes in the total volumes landed; (ii) changes in the prices of the species landed; and (iii) changes in the relative weight of high/low price species in the total landings.
Total volumes landed have fluctuated significantly over the period considered. However, changes in the total value of landings have also resulted from modifications in the price index, due to changing conditions for the marketing of fish caught by French fleets rather than the fisheries themselves or their production. The relative influence of variations in price and volume of landings can be assessed using the ratio of logged Fisher indices over the logged value index. At the scale of the Bay of Biscay, the calculation for the year 2002 compared with 1989, showed that 42% of total value changes were due to price variations, and 58% to changes in quantities landed.
Modifications in the composition of landings have also played a role in the changes in value landed. Indeed, when the total value index reached its maximum in the late 1980s, landings of high-priced species were also at their maximum. At the lower level of the value index in 1998, high exploitation rates for low-priced species such as anchovy or pilchard were observed, while low exploitation rates of high-priced species such as hake or monkfish prevailed. Hence, modifications in the composition of landings, as illustrated in the previous section, contribute to explaining the reduced value of fish production from the Bay of Biscay between the late 1980s and 2002.
To quantify this structural effect, we can compare an index of the mean price of fish landed (defined as a simple average of individual species prices weighted by their annual contribution to total volumes landed), with a Laspeyres price index that weights individual species prices by their contribution to total volumes landed in 1989: From the mean price index, it is apparent that the drop in average price had indeed been much greater. This indicates that along with the overall reduction in prices across species, the growing proportion of low price species in total landings has exerted a downward pressure on the average price of fish production. The importance of this effect can be quantified by calculating the percentage of the drop in mean price, which can be explained by structural modifications in the composition of landings 6 : the part of the decrease in prices explained when the structure is kept unchanged is calculated as the log of the Laspeyres price index, with 1989 as a base, divided by the log of the mean price index. This percentage equalled 62% of the total mean price change between the two years, which in this case was a drop of 44%: two thirds of the reduction in mean prices are thus due to the increased proportion of low-priced species in the landings.
Conclusion
The analyses presented in this paper allow us to identify important changes in the total value of landings by French fleets operating in the NE Atlantic and Bay of Biscay during the last three decades. Three complementary factors may contribute to explaining such changes: (i) modifications of the total volumes landed; (ii) modifications of the prices of each of the species landed; and (iii) changes in the composition of the landings. The analyses presented in this paper show that all three factors have contributed to the evolution of the value of fisheries production in the case studied. Total volumes landed have fluctuated significantly over the period considered. The price index of fish landed by French fleets has also varied to a significant extent, due to external factors relating to the marketing conditions for fish in France. While these two factors seem to explain a large proportion of the variations in the total value of production, modifications in the composition of landings, probably due in part to changes in fishing strategies that have developed to face the changes in biological communities, have also contributed to the evolution of fishery production value. High priced species were mostly exploited in the early 1980s, with landings dominated by large boreal predator species such as monkfish or hake. In contrast, low-price species, such as anchovy or Atlantic horse mackerel, have dominated landings in more recent times (1996) (1997) (1998) (1999) (2000) (2001) (2002) . These species are characterized by lower trophic levels, smaller size and are more often sub-tropical. The lower value of landings in recent years as compared to the mid-1980s has partly resulted from this increase in the relative weight of lower valued species.
This case study of French fleets confirms that their production has been subject to species composition changes similar to those observed on wider scales. The inclusion of price data in the analysis allowed us to assess the implications of these changes in terms of the total gross value of production, and lends support to the hypothesis that the sequence of species harvesting is in part related to the relative economic attractiveness of fish species. Further work in this direction would involve quantification of the relative contributions of different factors to the overall evolution of gross fisheries production, and to the implications of these results for policy. Such work would particularly imply an analysis of the potential economic impacts of measures aiming to modify the composition of fishery landings.
